Abstract
, dissipation by friction and interaction with co-or counter-current (Roberts 51 and Suhayda, 1983). The relative importance of each process during the wave propagation toward the shore 52 is controlled by the offshore wave features, the bathymetry, the mean water level and slope and the reef 53 roughness.
54
This rich literature shows that a great research effort has been engaged during the last two decades to 55 understand the bulk dynamics of reef-lagoon systems exposed to a set of time-varying, and often interacting, 
71
The lagoon is directly opened to ocean through two reef-openings in the north-west section of the reef to a further south reef-opening. At high tide, the coral reef barrier is fully submerged, whereas at low tide 77 it can be partly emerged depending on tide and wave conditions.
78
In the present study, the instrumentation is focused to a well-defined lagoon system extending from the 79 Tenia passage to the N'Digoro passage where the lagoon topography is rather simple with a limited number 80 of openings (see Fig. 1 ). This simple geometry allows that the physics of the problem can be more easily 81 understood before extending to more complex systems. In this part of the Ouano lagoon, the reef barrier range of wave, wind and tide conditions.
91
Four current profilers (ADCP) were deployed during the experiment to provide data on temporal va- and N'Digoro sites, so that the depth-averaged vorticity can be generally considered as a relevant indicator.
112
Along the reef (Platier site), the vertical structure of the current is usually much more complex which can 113 not be simply analysed in terms of depth-averaged quantities and will not be discussed here. 
Field conditions

115
In most reef-lagoon systems, water circulation is mainly controlled by fluxes through passages, reef 116 opening and above the immersed part of the coral barrier in response to external forcings, such as tides, and nearly offshore (north-west to north). They increase during the day while clockwise rotating and blowing
Results
141
Overview
142
Let us first have a look on an overall directional and spectral analysis of the measured currents which 143 allows to define the variables used hereinafter. Figure 3 depicts direction probability and energy spectrum 144 for depth-averaged current at each site. As expected in the presence of strong bathymetric constraints, the 145 current are well-channelized in the reef passages and opening during the filling-emptying cycles of the lagoon 146 induced by the tide. At the Platier (reef) site, a larger directional spread is observed, but a main tendency 147 toward north is clearly observed. A more detailed analysis of current dynamics is presented hereinafter, 148 but this result allows to define, for each site, a projection axis along the main flow direction to obtain the 149 main and transverse components called U and V respectively. The sign convention is that an inward lagoon- can be either day-averaged or detided. The former will be denoted with the superscript da in the following.
159
The latter, identified with the superscript dt , are obtained by applying band-stops filters to the current data timelag between forcings evolution and currents response.
164
One notes that the M4 component is more significant for current than for free surface spectra (dashed withdraw the effect of tide, the analysis of the dominant trends is performed on the day-averaged currents.
186
The effect of external parameters, waves and wind, on the measured currents is discussed later on in sections 
189
The following trends on links between sites can be deduced from Tab. 2 and Fig. 6 . Figure 5: Data overview for the 2015 experiment. From top to bottom : depth-averaged currents, detided depth-averaged currents, significant wave height and peak period at the reef outer slope sensor, wave direction from WW3, wind intensity and direction. Table 2 shows that, as expected, the influence of waves and wind is greater on the day-averaged currents 
257
The hydrodynamical features (Fig. 9 ), occurence probabilities (Tab. 3) and onset conditions ( sites is not able to compensate the outward flow. Currents are maximal aruond the swell apex, at high tide 281 at Platier and during the ebb for other sites.
282
The onset conditions of CP for day-averaged currents are synthesized in Fig. 10 . It is generally asso-283 ciated to large south-western swells and rather moderate winds. It appears that for the largest swells, CP 284 is systematically observed, i.e. the lagoon-entering cross-reef flux is strong enough to dominate any other 285 process. The breaking process over the reef is dependent of the ratio between wave height and water level The Tenia reversal pattern. 
300
-An outward flow in the northern sites (U isie < 0, U ndigoro < 0)
301
The occurence probabilities of TRP for day-averaged currents are 28.6 %, respectively. A typical TRP is 302 depicted in Fig. 11 (right plots) between Feb. 6 to 9, 2015. The main difference with CP is the observation 303 of an inward flow at Tenia which magnitude oscillates with the tide but can remain in the same direction 304 during several tidal cycles. The cross-reef flux measured at Platier site is still positive but a bit less intense 305 during the swell peak than in CP presented above for similar type of wave height. This is attributed to the 306 combined effects of, (i), a more southern wave direction which induces more westward (indeed WNW) flow 307 above and along the reef and, (ii), a stronger south-east wind which drives lagoon waters toward north-west.
308
However, in the considered case, the wind peak occurs after the establishment of the pattern. This latter 309 appears thus to be mainly initiated by the swell arrival. TRP is related to a bulk north-west motion along the 310 barrier (see the relationship between U tenia and V platier in Fig. 6, B) , with water entering through Tenia from 311 the neighbouring south-east lagoon and above the reef-barrier pushed by wave-breaking of south/south-east 312 swell and leaving the lagoon through the northern openings. The Isié reversal and Southward patterns.
319
The Isié reversal and Southward patterns are discussed conjointly because they occur in quite similar effects. The present data is purely hydrodynamical, i.e. the water properties such as salinity or temperature, 337 which play a dominant role in stratification processes, are not documented by measurements. However, 338 limiting our discussion to a purely currentological analysis, interesting observation can be performed on the 339 vertical structure of flows through passages and reef openings. 
344
These plots should be interpreted as follows :
345
-Zero vorticity : no vertical shear in the water column.
346
-Both positive vorticity and velocity : the current over the whole water column is entering into the 347 lagoon, the surface layer moves faster than the bottom water.
348
-Both negative vorticity and velocity : the current over the whole water column is leaving the lagoon, 349 the surface layer moves faster than the bottom water. 
362
The data distribution observed in Fig. 12 shows two overall tendencies : vertical shear generally increases 
374
From the data presented in Fig. 12 and an overall analysis of the measured profiles, the vertical structure 375 of the currents in passage and reef opening can be summarized as follows :
376
-During well-established currents and circulation patterns, the surface layers are generally moving 377 faster than the bottom ones. -In most cases, the vorticity is roughly constant in the water column (linear velocity profile)
379
-The wind, generally eastern, affects as expected the vertical shear by accelerating the surface layer 380 when depth-averaged current is inward (e.g. during TRP events) or slowing down the surface layer of 381 outward flows.
382
-Opposite signs of depth-averaged velocity and vorticity can be observed, i.e. bottom layers moving 383 faster than surface ones, in particular (but not exclusively) during switchovers from TRP to CP.
384
Note that due to the time scales of the external forcings, in particular tide and thermal breeze, and 385 the lagoon depth (typically about 10m) and topographical constraints, the Ekman's effect on the current 386 vertical structure is expected to be weak, in particular in comparison to the direct action of wind stress at 387 the surface. Additional data processing will be carried out to further explore this issue. 
Biogeochemical issues
463
The existence of well defined circulation patterns in the reef-lagoon system is of primary importance to measurements) will play a dramatically different role depending on whether it occurs during day (zooplankton lying near the bed) and during night (zooplankton close to the surface).
484
All of these open questions should drive further ambitious research efforts. In particular, field campaigns 485 must now be designed to measure simultaneously both hydrodynamical and biogeochemical properties of the 486 reef-lagoon systems in order to gain a comprehensive understanding of these coupled processes. The analysis of the vertical structure of the current in lagoon passages shows the regular presence of 520 a significant nearly linear vertical shear in the water column. This shear often appears during strong wind 521 events but are also observed in calm conditions. The main tendency is that surface layer are faster than by tides on near-surface zooplankton aggregation and community structure in bahía magdalena, mexico.
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